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Aggregatibacter actinomycetemcomitans is frequently associated with localized aggressive periodontitis (LAP);
however, longitudinal cohort studies relating A. actinomycetemcomitans to initiation of LAP have not been
reported. A periodontal assessment was performed on 1,075 primarily African-American and Hispanic school-
children, ages 11 to 17 years. Samples were taken from each child for A. actinomycetemcomitans. A cohort of 96
students was established that included a test group of 38 A. actinomycetemcomitans-positive students (36
periodontally healthy and 2 with periodontal pockets) and 58 healthy A. actinomycetemcomitans-negative
controls. All clinical and microbiological procedures were repeated at 6-month intervals. Bitewing radiographs
were taken annually for definitive diagnosis of LAP. At the initial examination, clinical probing attachment
measurements indicated that 1.2% of students had LAP, while 13.7% carried A. actinomycetemcomitans, in-
cluding 16.7% of African-American and 11% of Hispanic students (P � 0.001, chi-square test). A. actinomy-
cetemcomitans serotypes a, b, and c were equally distributed among African-Americans; Hispanic students
harbored predominantly serotype c (P � 0.05, chi-square test). In the longitudinal phase, survival analysis was
performed to determine whether A. actinomycetemcomitans-positive as compared to A. actinomycetemcomitans-
negative students remained healthy (“survived”) or progressed to disease with attachment loss of >2 mm or
bone loss (failed to “survive”). Students without A. actinomycetemcomitans at baseline had a significantly
greater chance to remain healthy (survive) compared to the A. actinomycetemcomitans-positive test group (P �
0.0001). Eight of 38 A. actinomycetemcomitans-positive and none of 58 A. actinomycetemcomitans-negative
students showed bone loss (P � 0.01). A. actinomycetemcomitans serotype did not appear to influence survival.
These findings suggest that detection of A. actinomycetemcomitans in periodontally healthy children can serve
as a risk marker for initiation of LAP.

Aggregatibacter actinomycetemcomitans was first identified as
a possible periodontal pathogen in 1975 in studies of localized
juvenile periodontitis, now known as localized aggressive
periodontitis (LAP) (36, 43). Since then, most cross-sectional
studies have shown A. actinomycetemcomitans to be highly
associated with periodontal disease in adolescents (44, 51).
However, longitudinal cohort studies relating A. actinomyce-
temcomitans to the initiation and progression of periodontal
disease in adolescents are lacking (7). The discovery that A.
actinomycetemcomitans produced a toxin that killed polymor-
phonuclear leukocytes and monocytes coupled with the iden-
tification of the leukotoxin (ltx) gene operon, and the estab-
lishment of the relationship of this toxin to other RTX toxins
were instrumental in establishing a biological basis for A. ac-
tinomycetemcomitans virulence (4, 29, 30). The more recent
discovery of an A. actinomycetemcomitans cytolethal distending
toxin, a toxin found in many other human “pathogens” such as
Shigella spp., Campylobacter jejeuni, and Haemophilus ducreyi,
has provided added evidence of the virulent nature of A. acti-

nomycetemcomitans (37, 46). Further confirmation of the role
of A. actinomycetemcomitans in disease was shown in a rat
model that followed Koch’s postulates and demonstrated that
A. actinomycetemcomitans isolated from an LAP subject could
initiate bone loss when added to a reduced oral flora in a
healthy animal (41).

The impetus for the current study resulted from the dearth
of longitudinal data related to the role of A. actinomycetem-
comitans in the initiation LAP. LAP is the most prevalent
periodontal disease found in children and occurs in 20.5 per
1,000 African-American children, 10 per 1,000 Hispanic chil-
dren, and 1.4 per 1,000 children of other ethnic groups (32). If
untreated, teeth can become mobile and severely compro-
mised due to progressive bone and attachment loss and ulti-
mately may have to be removed (2, 8). Since a high percentage
of school-age children from Newark, NJ, are African-Ameri-
can and Hispanic and thus more likely to be susceptible to
LAP, the Newark school system is an ideal place to conduct a
longitudinal study. To test our hypothesis, we designed a study
in two phases. In the first, cross-sectional phase, our goal was
to perform a thorough oral examination for Newark school-
children, ages 11 to 17 years, in order to identify the periodon-
tal health and A. actinomycetemcomitans status of each child.
The second phase of the study involved a longitudinal design in
which a group of periodontally healthy A. actinomycetemcomi-
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tans-positive students (test group) and a group of A. actinomy-
cetemcomitans-negative periodontally healthy students (con-
trol group), ages 11 to 16 years, were identified and followed
every 6 months for 2 to 3 years. The longitudinal study was
planned as a cohort study and as such was designed to follow
a group of healthy A. actinomycetemcomitans-positive and A.
actinomycetemcomitans-negative children to determine whether
those harboring A. actinomycetemcomitans were more likely to
develop bone loss over time than their A. actinomycetemcomi-
tans-negative controls.

We hypothesized that periodontally healthy children who
were susceptible to LAP and who harbored A. actinomycetem-
comitans would be at greater risk for developing LAP than
healthy children who did not harbor this organism. Currently,
LAP can only be definitively diagnosed after clinically observ-
able soft tissue changes and irreversible bone loss have oc-
curred (1). Thus, if this hypothesis were proven to be correct,
a screening method to identify A. actinomycetemcomitans
could be used to detect healthy individuals likely to develop
LAP.

In this paper, we present a report focusing on cross-sectional
clinical and microbiological data from the 1,075 students exam-
ined and on longitudinal clinical and microbiological data for 38
A. actinomycetemcomitans-positive students, 36 of whom were
classified as periodontally healthy (test group) and 58 A. actino-
mycetemcomitans-negative healthy students (control group) that
were followed for at least 1 year after their initial examination.
The issues addressed in this study were (i) the prevalence of LAP
in this population, (ii) the prevalence of A. actinomycetemcomi-
tans carriage in this population, (iii) the relationship of A. actino-
mycetemcomitans carriage to disease initiation, (iv) the most ap-
propriate site for A. actinomycetemcomitans recovery in the oral
cavity of healthy students and the relationship of the site of re-
covery to disease initiation, and (v) the relationship of the A.
actinomycetemcomitans strain or clonal type to disease initiation.
We chose bone loss as the primary end point for the definitive
diagnosis of LAP. We also conducted survival analyses to assess
the impact of A. actinomycetemcomitans carriage on progression
from health to disease (failure to survive) by comparing the A.
actinomycetemcomitans-positive test group and the A. actinomy-
cetemcomitans-negative control group. In this study, survival was
defined as those students who were periodontally healthy at base-
line and who remained healthy throughout the recall period. In
comparison, criteria for failure to survive were subdivided into
four end points as follows: (i) those students who developed two
5-mm pockets, (ii) those who developed three 5-mm pockets, (iii)
those who subsequently developed one or more pockets of 6 mm
or greater with attachment loss of greater than 2 mm, or (iv) those
who developed radiographic evidence of bone loss. The analysis
of host factors related to disease susceptibility in these two groups
will be the subject of a subsequent article.

MATERIALS AND METHODS

This study was reviewed and approved by the Institutional Review Board of
the University of Medicine and Dentistry of New Jersey. Signed consent was
received from the student’s parent or guardian, as was assent, which was obtained
from the student. Both consent and assent were received prior to student par-
ticipation in the study. Medically healthy subjects were examined for dental
caries and periodontal disease, sampled for A. actinomycetemcomitans, and then
categorized as either A. actinomycetemcomitans positive or A. actinomycetem-
comitans negative. The methods described in the section below will be divided

into a clinical section and a microbiological section. The study consisted of two
phases: a screening (cross-sectional) phase and a recall (longitudinal) phase with
an exit treatment strategy for those students who have developed disease.

Clinical methods. (i) Calibration of examiners. In preparation for the study,
we conducted several extensive calibration exercises for measurement of peri-
odontal disease. In each case, 10 subjects were chosen for the calibration exer-
cise. Subjects were obtained from a patient pool of 11- to 17-year-old adolescents
who reported to the New Jersey Dental School (NJDS) orthodontic clinic for
treatment. The parents or guardians of each student volunteer were required to
sign a consent form prior to initiation of the calibration procedure. Three
experienced examiners were included in the exercise, one of whom served as the
“gold standard” clinician. Interexaminer agreement and intraexaminer repeat-
ability were determined, with a target agreement level of 80% or greater as the
goal. For pocket depth measurements, examiners were considered to be in
agreement if 80% of sites had identical readings and the remaining 20% of sites
were within �1 mm. For attachment level measurements, examiners were con-
sidered to be in agreement if sites were within �1 mm. This level is well below
the range typically used to identify differences in statistical analyses (usually
�3-mm change) (6). Results of the calibration exercise demonstrated 80% in-
terexaminer agreement and 90% intraexaminer repeatability.

For radiographic analysis, calibration was performed with 20 bitewing radio-
graphs obtained from age appropriate NJDS clinic patients. These horizontal
bitewing radiographs were chosen because they demonstrated bone loss ranging
from no loss to modest loss (less than 2 mm of crestal resorption) and thus
represented the level of disease expected in our study population. The criterion
used for calibration was percent agreement on the presence or absence of
interproximal bone loss at each interproximal site on each radiograph. Two
examiners repeated the analysis three times to determine the accuracy of their
readings. In this case, a 95% inter- and intraexaminer agreement was required.

(ii) Screening (cross-sectional) phase. The purpose of the screening phase of
the study was threefold: (i) to determine those children who were A. actinomy-
cetemcomitans positive and those who were A. actinomycetemcomitans negative,
(ii) to record pocket depths and probing attachment levels of all children to
determine their entering periodontal status, and (iii) to determine the associa-
tion of A. actinomycetemcomitans with the periodontal status of the entering
student. All clinical examinations and sampling were performed in a mobile
dental van (graciously donated by the Colgate-Palmolive Company) after the
medical history was thoroughly reviewed. Students requiring antibiotic prophy-
laxis prior to invasive dental procedures or with documented bleeding disorders
were excluded from the study. The screening visit included an oral soft tissue
examination, full mouth caries and periodontal examination, and sample collec-
tion. The following samples were collected from each student: unstimulated
saliva, buccal epithelial cells (BECs), epithelial cells from the dorsum of the
tongue (for a subset of 425 students), and subgingival plaque from pockets 5 mm
or greater. BECs, tongue cells, and subgingival plaque were collected to char-
acterize students as either A. actinomycetemcomitans positive or A. actinomy-
cetemcomitans negative. A prophylaxis and oral hygiene instructions were
provided to each student participant.

(iii) Periodontal examination. All examinations were performed using a Mich-
igan 0 probe with Williams markings, front-faced dental mirrors, and overhead
dental operatory lighting. All permanent teeth were probed at six sites per tooth.
Any pocket of 5 mm or greater was reexamined to determine whether there was
attachment loss of �2 mm at that site. Gingivitis was recorded as mild, moderate,
or severe per arch per student. Because of the rapidly progressive nature of LAP
and our desire to detect disease as early as possible, we used Loe and Brown’s
definition of incipient disease in the cross-sectional phase of the study for com-
parison to the NIDCR epidemiological database (32). As such, for the Loe-
Brown criteria, we referred any students with attachment loss of �2 mm at a
molar plus an incisor and/or one other tooth for radiographs to assess alveolar
bone levels in order to confirm or reject a diagnosis of LAP (39).

In addition, the following classifications were used throughout the study.
Students were considered to be “healthy” if they had one or fewer pockets 5 mm
or less. Students were considered to be “borderline” if they had two or more
5-mm pockets and attachment loss, if any, of less than 2 mm. Students were
considered to have “potential disease” if they had pocket depths of �6 mm and
attachment loss of �2 mm in one or more teeth. This classification was partic-
ularly important for the screening visit because the initial diagnosis reported at
this visit was used to determine disease development or progression in the
longitudinal study. Although all teeth were assessed, we were particularly con-
cerned with molars and incisors based on the fact that LAP diagnosis is primarily
based on those teeth (32). Bitewing radiographic evidence of bone loss was
required to establish the diagnosis of LAP and to place a student in the “disease”
category. The diagnostic criterion was based on the fact that variability in probing
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measurement of attachment loss as well as pocket depths have been reported in
children with a mixed dentition (10). Therefore, subjects with potential disease,
including those with the Loe-Brown criteria for LAP, were rescheduled for
reprobing and attachment level measurements as well as radiographic evaluation
to establish a definitive LAP diagnosis. Radiographs were scheduled for students
in the potential LAP category within 3 months of screening. If radiographic
evidence confirmed the initial provisional diagnosis, the student was exited from
the study and referred for treatment. These students were given the option of
receiving treatment at no cost in the NJDS private practice facility.

(iv) Sample collection. Salivary samples were collected by having subjects
expectorate up to 5 ml of saliva into a 50-ml wide-mouth polystyrene tube that
was held over ice. Saliva was then subjected to centrifugation at 10,000 � g for
30 min. The supernatant was decanted to obtain clarified saliva that was stored
at �80°C for future testing(16).

BEC samples were obtained from each student by gently scraping the surface
of the buccal mucosa with a wooden tongue depressor to obtain approximately
5 � 104 BECs that were suspended in 2 ml of phosphate-buffered saline (PBS).
A hemocytometer was used to determine the number of epithelial cells per
milliliter of PBS. Samples of BECs were vigorously vortexed, and a 100-�l
aliquot containing the suspended cells was removed for plating on A. actinomy-
cetemcomitans growth medium (AAGM) agar for detection of A. actinomyce-
temcomitans. Tongue epithelial cell samples were collected with a tongue de-
pressor from a subset of 425 students and treated in a similar manner to BECs
(15). All epithelial cells were stored at �80°C.

Subgingival pocket samples were collected from all pockets �5 mm using two
sterile absorbent endodontic paper points placed in the pocket for 10 s. Samples
from all sites in a given subject were pooled in 2 ml of PBS. After vigorous vortex
agitation, a 100-�l aliquot was removed for plating on AAGM agar. In addition,
subgingival plaque collected with a Morse 00 detachable sterile scaler from each
pocket and a contralateral healthy site was placed into site-specific tubes con-
taining 100 �l of hybridization buffer (10 mM Tris, 1 mM EDTA, pH 7.6), to
which 100 �l of 0.1 N NaOH was added, and stored for future analysis by
DNA/DNA checkerboard hybridization (45).

(v) Recall/longitudinal phase. For the longitudinal phase of the study, peri-
odontally healthy students with A. actinomycetemcomitans comprised the test
group and approximately twice the number of periodontally healthy control
students who did not have A. actinomycetemcomitans were placed in the control
group. All A. actinomycetemcomitans-positive students between the ages of 11
and 16 years at screening were entered in the longitudinal phase of the study. All
individuals in each group were scheduled for recall appointments at 6-month
intervals. In the recall/longitudinal phase of the study, the students received the
same clinical assessments and sampling that were performed at the screening
visit, with the addition of a yearly radiographic analysis consisting of two to four
horizontal bitewing radiographs. The purpose of the recall phase was to detect
students who develop increasing pocket depth, attachment loss, and bone loss
and to relate this to the prior or current presence or absence of A. actinomyce-
temcomitans. Since yearly radiographs are used to establish the definitive LAP
diagnosis, it is possible that some diagnoses could be delayed if the onset of
disease were to occur in the interim period between yearly radiographic analyses.
To minimize the possible delay in LAP diagnosis based on radiograph, a student

classified as having “potential disease” at any visit was scheduled for radiographs
within the following 3 months. If radiographs do not show bone loss, these
students were returned to the 6-month recall schedule. A student was considered
to have LAP if radiographs indicated loss of lamina dura and interproximal
alveolar bone resorption in the contiguous crestal region of one or more molars
or incisors.

To confirm that the control subjects were, in fact, A. actinomycetemcomitans
negative, the stored aliquots of their BECs or tongue or pocket samples were
screened for A. actinomycetemcomitans by PCR as described below to confirm
the results of the negative culture.

(vi) Exit treatment strategy. All students with disease (bone loss) were exited
from the study and offered treatment at NJDS at no cost. In the case of peri-
odontal disease, one bone lesion was considered sufficient to exit the child from
the study.

Microbiological methods. (i) Identification of A. actinomycetemcomitans-posi-
tive subjects. AAGM plates were labeled with the student number, and 100-�l
aliquots from BECs, tongue, and pocket were plated. After streaking, the plates
were placed in a GasPak jar charged with CO2 for transport from the dental van
to NJDS. At NJDS, cells were grown for 3 to 4 days in an incubator at 37°C in
10% CO2. After incubation and growth, colonies that were catalase positive and
had the classical morphological characteristics of A. actinomycetemcomitans were
selected for subculture. Definitive identification of A. actinomycetemcomitans
was made by biochemical testing and by PCR using procedures developed in our
laboratory (18). Strains confirmed as A. actinomycetemcomitans positive were
coded and restreaked on selective media for preservation at �80°C in AAGM
plus 10% dimethyl sulfoxide for subsequent analysis.

(ii) Confirmation of A. actinomycetemcomitans-positive cultures: DNA extrac-
tion from isolated strains of A. actinomycetemcomitans for PCR. A. actinomyce-
temcomitans strains isolated from students were stored frozen and then regrown
for confirmation of A. actinomycetemcomitans and for A. actinomycetemcomitans
serotype analysis. DNA from A. actinomycetemcomitans strains was obtained for
PCR analysis using the protocol developed by the DNeasy tissue kit (QIAGEN,
Inc., Valencia, CA) for gram-negative bacteria(27). Briefly, a 3-day culture of a
given A. actinomycetemcomitans strain was grown on AAGM agar in 10% CO2

at 37°C. Colonial morphology was confirmed using a dissecting microscope at
�25 magnification using transmitted light. DNA was processed from pure cul-
tures and extracted as described by QIAGEN, Inc. (26). The quality of the DNA
was checked by 0.8% agarose gel electrophoresis to ensure that no undue shear-
ing had occurred. All DNA solutions were adjusted to a concentration of 1 �g/ml
before PCR analysis and used as template DNA for a given isolated strain of A.
actinomycetemcomitans. PCR was performed in Micro Amp tubes (PE Biosys-
tems, Norwalk, CT) with a PE480 DNA thermal cycler.

(iii) Determination of A. actinomycetemcomitans serotype and leukotoxin pro-
moter type. The DNA sequences of the gene clusters responsible for the syn-
thesis of A. actinomycetemcomitans a, b, c, d, e, and f serotype-specific O antigens
that have been reported were used for analysis(26). PCR primers that amplify
unique regions in each of the six A. actinomycetemcomitans serotype-specific
gene clusters were used to determine the frequency of each serotype in our strain
collection (Table 1). The PCR product sizes for each pair of serotype-specific
primers were 293 bp (serotype a), 333 bp (serotype b), 268 bp (serotype c), 411

TABLE 1. A. actinomycetemcomitans serotype-specific PCR assay

Assay Primer Sequencea Serotype PCR product
size (bp) Region amplifiedb GenBank

accession no.

1 P11 TCTCCACCATTTTTGAGTGG (f) b 333 12780–13112 AB002668
P12 GAAACCACTTCTATTTCTCC (r) c 268 12808–13075 AB010415
P13 CCTTTATCAATCCAGACAGC (f) 232 4813–5044 AF310164
P14 ARAAYTTYTCWTCGGGAATG (r)

2 P15 TGGGTCATGGGAGGTACTCC (f) a 293 8021–8313 AB046360
P16 GCTAGGAACAAAGCAGCATC (r)

3 P17 TGGAACGGGTATGGGAACGG (f) d 411 11462–12034 AB041226
P18 GGATGCTCATCTAGCCATGC (r)

4 P19 ATTCCAGCCTTTTGGTTCTC (f) e 311 17118–17427 AB030032
P20 TGGTCTGCGTTGTAGGTTGG (r)

a f, forward; r, reverse. R � A or G, Y � C or T, and W � A or T.
b GenBank nucleotide sequence coordinates.
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bp (serotype d), 311 bp (serotype e), and 232 bp (serotype f) (Fig. 1). In addition,
ltx primer pairs allow for identification of the type of ltx promoter using A.
actinomycetemcomitans template DNA. A. actinomycetemcomitans strains with
the JP2-type promoter region yielded 492-bp size fragments, while those with the
652-type promoter yielded 1,022-bp fragments (26, 27). Template DNA from an
isolated strain of A. actinomycetemcomitans was reacted in separate PCR micro-
centrifuge tubes with the appropriate primers to determine if the strain was
serotype a, b, or c and whether the leukotoxin promoter present was either JP2
or the 652 type. If there was no result found with the serotype testing, then the
template was tested with the d, e, or f primer pairs. Primers are described in
Table 1. In this manner, we were able to distinguish one serotype from the next
and one ltx promoter type from the other in a highly sensitive and reproducible
manner starting with DNA isolated from A. actinomycetemcomitans grown on an
agar plate.

(iv) Confirmation of A. actinomycetemcomitans culture-negative students: ex-
traction of DNA from A. actinomycetemcomitans adhering to BECs and paper
points. Approximately 1 ml of a solution of 1 � 104 BECs in PBS and/or 1 ml
from paper point samples was pelleted in a microcentrifuge tube by centrifuga-
tion at 11,000 � g, and the supernatant was discarded. DNA was extracted using
the QIAGEN DNeasy kit (catalog no. 69504) gram-negative bacterial protocol as
described above.

(v) PCR confirmation of culture negatives. BECs were harvested from each
student at each collection period. In addition, pocket samples were collected at
each visit from pockets 5 mm or greater. BECs and paper point samples were

stored frozen for future analysis by PCR to identify the presence of A. actino-
mycetemcomitans. To confirm that students who were initially categorized as A.
actinomycetemcomitans negative were, in fact, A. actinomycetemcomitans nega-
tive, the following analysis was performed. In brief, DNA template was prepared
from stored BECs and pocket samples collected at each visit with a QIAGEN
DNeasy kit as described above. Template DNA was then amplified using a
Genomeplex whole-genome amplification kit (Sigma Chemical, Inc.; catalog no.
WGA1), which amplifies all template DNA 100 to 1,000 times, increasing the
sensitivity to A. actinomycetemcomitans template DNA. The presence of A.
actinomycetemcomitans DNA was determined by screening the amplified tem-
plate DNA for the ltx promoter gene that is unique to A. actinomycetemcomitans.
A positive ltx PCR response indicates the presence of A. actinomycetemcomitans
in the sample. A minimum of two separate PCR evaluations was performed on
stored BECs and/or pocket samples to confirm that a student was A. actinomy-
cetemcomitans negative. Thus far, we have evaluated BECs and pocket samples
from 90 A. actinomycetemcomitans culture-negative students by using PCR to
check for A. actinomycetemcomitans negativity. None of these students was
A. actinomycetemcomitans positive, whereas BECs and pockets from all 10
randomly chosen A. actinomycetemcomitans-positive students tested for the
presence of A. actinomycetemcomitans by PCR were shown to be A. actinomy-
cetemcomitans positive.

(vi) Data analysis. The main hypothesis was that the presence of A. actino-
mycetemcomitans could be used to predict an increased risk for LAP in initially
periodontally healthy individuals as determined by radiographic criteria. Subjects

FIG. 1. Aggregatibacter actinomycetemcomitans serotypes: relationship to site of recovery and to ethnicity. (A) Example of PCR assay for
serotype identification. Lane labels indicate serotype. The sizes (in base pairs) of the molecular weight standards run are shown on the left.
Fragments were run on a 5% polyacrylamide gel. (B) Histogram of A. actinomycetemcomitans serotypes in relation to ethnicity of A. actinomy-
cetemcomitans carrier. Serotype c is significantly greater in the Hispanic children who carry A. actinomycetemcomitans (P � 0.05). No differences
were seen in serotype distribution in African-American children who carry A. actinomycetemcomitans. (C) Histogram of percentage of subjects who
had A. actinomycetemcomitans and the specific serotypes of A. actinomycetemcomitans found in relation to the ethnicity of the A. actinomycetem-
comitans carrier. Note that the overwhelming majority of students did not carry A. actinomycetemcomitans (No Aa).
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from the cross-sectional portion of the study who were found to harbor A.
actinomycetemcomitans were compared over time to a cohort of individuals who
did not initially or at any time in the study harbor the bacterium (age-, gender-,
and race-matched controls). To ensure that the two groups were balanced,
potential differences in age were evaluated with an unpaired t test and a Pearson
chi-square test of independence was used to evaluate differences in ethnic and
gender distributions of the two groups. A P value of �0.05 was considered to be
statistically significant in all analyses. Analysis of the distribution of the presence
of A. actinomycetemcomitans by ethnic group was performed by chi-square as was
A. actinomycetemcomitans serotype distribution within each ethnic group.

Survival analysis was used to evaluate the initiation of periodontal disease over
time. In our study, survival was defined as a student who at the start of the study
was healthy and who remained healthy at recall. Conversely, a student who
started as healthy with no pockets or with one 4- to 5-mm pocket and progressed
to two or more pockets or to attachment loss and/or bone loss failed to survive.
In all cases, students in the A. actinomycetemcomitans-positive group were com-
pared to students in the A. actinomycetemcomitans-negative group. The survival
data are presented by Kaplan-Meier plots (25). To test the hypothesis that
differences in initiation of LAP can be seen when the A. actinomycetemcomitans-
negative control group and the A. actinomycetemcomitans-positive test group
were compared, both the log-rank test and the Wilcoxon test were used. The
log-rank test places more weight on longer survival times and is most useful when
the ratio of hazard functions in the groups being compared is approximately
constant. The Wilcoxon test places more weight on early survival times and is the
optimum rank test if the error distribution is logistic. Both tests were required to
be significant before any difference between groups was considered statistically
significant (11). The survival analysis of primary interest was the comparison of
the levels of development of bone loss in initially healthy students in the test and
control groups. Further analysis was performed in the A. actinomycetemcomitans-
positive group by comparing the initial site of A. actinomycetemcomitans recovery
(buccal versus pocket) to increasing pocket depth and attachment loss over time.
Finally, survival analysis was also used to determine the significance of harboring
specific A. actinomycetemcomitans serotypes (a, b, and c) at baseline in relation
to disease initiation using the criteria of two or three pockets 5 mm or greater.

RESULTS

The results reported herein represent data obtained from
the first 1,075 students that were seen at the initial examination
(cross-sectional data) and the 96 students who were recalled
for a minimum of 1 year following that screening visit (longi-
tudinal data).

Cross-sectional data. Table 2 shows the demographic distri-
bution of students seen at the initial screening examination
visit. The student composition was as follows: 654 were female,
421 were male, 410 were African-American, 598 were His-
panic, 25 were Asian, 23 were Caucasian non-Hispanic, and 28
were considered “other” (i.e., ethnicity not specified). The
students’ ages ranged from 11 to 17 years, with a mean age (�
standard deviation) of 15 � 2.2 years.

One of the major goals of this study was to determine the

relationship of A. actinomycetemcomitans to disease initiation
in the longitudinal phase of the study; however, to accomplish
this goal it was necessary to establish the presence of A. acti-
nomycetemcomitans in each student at screening and at each
recall visit thereafter. Table 3 shows the distribution of A.
actinomycetemcomitans in the population at screening. Overall,
13.7% of students carried A. actinomycetemcomitans. Eighty-
six of the A. actinomycetemcomitans-positive students were
periodontally healthy, 33 were in the borderline health cate-
gory (these typically had two to three 5-mm pockets), and 28
were in the potential disease category. The distributions of A.
actinomycetemcomitans-positive students among the student
subgroups were 16.6% of the African-American students,
11.5% of the Hispanic students, 20% of the Asian or Pacific
Islanders, 4% of Caucasians, and 17.6% of the “others.” There
were too few Asian or Pacific islanders, Caucasians, or “oth-
ers” to determine whether carriage of A. actinomycetemcomi-
tans by enrolled students in one of these ethnic groups was
higher than that seen in any of the other groups. However,
there was a sufficient number of subjects to make this compar-
ison for African-American and Hispanic students, and African-
Americans had a significantly greater prevalence of A. actinomy-
cetemcomitans than Hispanics (P � 0.0147).

Table 4 addresses the clinical status of the students exam-
ined at screening. Of the 1,075 students examined to date, 105
were borderline, while 42 were categorized as having potential

TABLE 2. Demographic distribution of students at screening by
ethnicity, gender, and age

Ethnicity (n)

No. of students by age (yr)

Female Male

11–14 15–16 �17 11–14 15–16 �17

Hispanic (589) 227 104 20 144 83 11
African-American

(410)
147 95 14 108 37 9

Asian (25) 4 7 3 4 4 3
Caucasian (27) 7 7 6 3 2 2
Other (24) 5 5 3 5 5 1

Total 390 218 46 264 131 26

TABLE 3. Recovery of A. actinomycetemcomitans from
students at screeninga

Ethnicity (n)
No. of

females/
males

Mean age (yr)
of females/

males

No. of
A. actinomycetemcomitans-

positive females/males

Hispanic (589) 349/240 14.2/14.2 35/33
African-American

(410)
251/159 14.2/14.2 40/28

Asian (25) 15/10 16.2/16.3 4.0/1.0
Caucasian (23) 16/7 16.2/15.2 1.0/0.0
Other (28) 17/11 15.2/14.2 3.0/2.0

Total 648/427 83/64

a Shown is the demographic distribution of A. actinomycetemcomitans-positive
students by ethnicity, gender, and age.

TABLE 4. Demographics of students with potential disease at
screening by ethnicity, gender, and age

Ethnicity and periodontal status (n)
No. of

females/
males

Mean age (yr)
of females/

males

�1 pocket �6 mm with �2 mm of
attachment loss (42)

Hispanic (23) 10/13 15.2/14.9
African-American (19) 11/8 15.8/14.7
Total 21/21

�2 pockets �6 mm with �2 mm of
attachment loss (13)

Hispanic (4) 1/3 14/14.3
African-American (8) 5/3 16.4/14.0
Asian (1) 0/1 0/18
Total 6/7
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disease (pockets 6 mm or greater and associated attachment
loss of �2 mm). As per the data seen in Table 4, almost 4% of
the population screened met the criterion for potential disease:
i.e., involvement of one or more sites �6 mm with attachment
loss of �2 mm represented. Of these, 66.7% showed the pres-
ence of A. actinomycetemcomitans. Thirteen of these 42 (1.2%)
also met the Loe-Brown criterion for incipient LAP (32) at
screening: i.e., involvement of at least two sites �6 mm with
associated attachment loss (Table 4). As noted in Table 4, 2%
of the African-American students and 0.7% of the Hispanic
students had a level of disease consistent with the Loe-Brown
criterion. Ten of these 13, or 67.9% of students in this group,
were A. actinomycetemcomitans positive. Only 2 of the 13 had
radiographic evidence of bone loss: one whose attachment loss
at screening required immediate confirmation of disease by
radiographic evaluation and another student who subsequently
developed radiographic evidence of bone loss 1 year after
screening. Both of these students were A. actinomycetemcomi-
tans positive.

Given our hypothesis that the presence of A. actinomycetem-
comitans can serve as a risk marker for disease, one of our
goals was to determine the most efficient method of sampling
that could be used to detect A. actinomycetemcomitans in pe-
riodontally healthy individuals. As a result we surveyed several
oral sites that have been reported to harbor A. actinomycetem-
comitans. While the obvious target site for A. actinomycetem-
comitans is the pocket, pocket colonization could represent a
later stage of infection that follows oral colonization of a
periodontally healthy individual. We, therefore, looked for the
presence of A. actinomycetemcomitans on BECs, in periodontal
pockets, and in some cases on the dorsum of the tongue. As
seen in Table 5, A. actinomycetemcomitans was recovered from
BECs alone in 59.3% of healthy students (maximum of one 4-
to 5-mm pocket), which represents 34.7% of the total number
of individuals in which A. actinomycetemcomitans was found
(51 of 147). In students with two or more 5-mm pockets, A.
actinomycetemcomitans was recovered from pockets alone in
22.4% of cases, while A. actinomycetemcomitans was recovered
from either BECs alone or from both BECs and pockets 76.9%
of the time. We sampled the tongues of 425 students and
recovered A. actinomycetemcomitans from only 5 students’
tongue scrapings (1.4%). Four of the five students who har-

bored A. actinomycetemcomitans on their tongues also had A.
actinomycetemcomitans on their BECs but not in their pockets
(data not shown). Thus, the buccal mucosa appears to provide
the most efficient oral site for sampling A. actinomycetemcomi-
tans in healthy individuals. Furthermore, sampling for A. acti-
nomycetemcomitans from BECs and pooled pockets sites 5 mm
or greater allows for recovery of A. actinomycetemcomitans
from almost 99% of the students who were A. actinomycetem-
comitans positive when recovery from BEC alone, a pocket
alone, or a combination of the two sampling sites was consid-
ered (Table 5).

Figure 1 illustrates the distribution of A. actinomycetem-
comitans in students. Figure 1A shows the serotype specific
DNA profile that we used to establish the A. actinomycetem-
comitans serotype of each sample tested. As seen in Fig. 1B,
the distribution of serotypes is significantly skewed toward
serotype c in the Hispanic children (P � 0.0017), while in the
African-American children there appears to be a more equal
distribution of serotypes with elevations of serotypes b and a.
Of seven students with the JP2 strain, six were African-Amer-
ican and one was Hispanic. Taken together, serotypes a, b, and
c accounted for 95.8% of the typeable serotypes found (Fig. 1B
and C). Serotype d was found in five students, and serotype f
was found in only one student, while serotype e was not found
and 9.5% of the serotypes evaluated were nontypeable (data
not shown). (To date none of the students with these strains
has developed disease.)

Longitudinal data. For the longitudinal study, we selected a
group of healthy or borderline A. actinomycetemcomitans-pos-
itive students identified at screening. Since carriage of A. ac-
tinomycetemcomitans is not widespread, we first selected
healthy students who were A. actinomycetemcomitans positive
and then matched them with A. actinomycetemcomitans-nega-
tive students by age, sex, and race. At this point we have 38 A.
actinomycetemcomitans-positive and 58 A. actinomycetemcomi-
tans-negative students who have been followed for 1 year or
more from the time of screening. Of those 38 A. actinomyce-
temcomitans-positive students, 36 were in the healthy or bor-
derline category, while 2 were in the potential disease category.

Table 6 presents the baseline characteristics for students
who had been in the longitudinal phase of the study for at least
1 year. Of the A. actinomycetemcomitans-positive students (n �

TABLE 5. Sites of recovery of A. actinomycetemcomitans at
screening visita

Periodontal status

No. of students with
A. actinomycetemcomitans recovery at site(s):

Buccal Pocket Buccal and
pocket Total

Healthy or one 4- or
5-mm pocket

51 18 17 86

At least two 5-mm
pockets

5 14 14 33

At least one 6-mm
pocket with �2 mm
of attachment loss

0 1 26 27

Total 56 33 57 146

a One student had A. actinomycetemcomitans recovered from his tongue and
had a pocket of 7 mm.

TABLE 6. Baseline demographics of students in the longitudinal
phase of the study

Characteristic

No. (%) of studentsa

A. actinomycetemcomitans
positive (n� 38)

A. actinomycetemcomitans
negative (n � 58)

Ethnicity
African-American 18 (47.7) 25 (43.1)
Hispanic 18 (47.7) 33 (56.9)
Asian 1 (2.6) 0 (0.0)
Other 1 (2.6) 0 (0.0)

Gender
Male 20 (52.6) 28 (48.2)
Female 18 (47.4) 30 (51.7)

a The mean � standard deviation ages of the A. actinomycetemcomitans-
positive and -negative groups are 15.7 � 0.3 and 14.4 � 0.2 years, respectively.
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38), 18 were Hispanic and 18 were African-American, with a
mean age of approximately 15.5 years, approximately half of
whom were female. Of the A. actinomycetemcomitans-negative
students (n � 58), 33 were Hispanic and 25 were African-
American, with a mean age of 14.4 years.

Of the eight students with bone loss at recall, all had A.
actinomycetemcomitans at screening. Four had been classified
as healthy, two were borderline, and two had been classified as
having potential disease. Five of the eight students were Afri-
can-American (age, 15.75 � 1.0 years), and three were His-
panic (age, 15.0 � 1.0 years). Among these students, four had
serotype c, one had serotype a, and three had serotype b. Of
those with the b serotype, two had the JP2 phenotype, while
the third with serotype b at the visit at which bone loss was
detected had serotype c at screening. Moreover, seven students
of the 147 who harbored A. actinomycetemcomitans had the
JP2 phenotype. Of these seven with the JP2-type promoter,
two of the African-American students developed bone loss.

Most importantly, none of the 58 A. actinomycetemcomitans-
negative students showed any evidence of bone loss.

Nine of the 38 A. actinomycetemcomitans-positive students
recalled showed more than one serotype when A. actinomyce-
temcomitans from one visit was compared to A. actinomyce-
temcomitans isolated at another visit. This confirms reports
that more than one serotype of A. actinomycetemcomitans can
exist in a patient either simultaneously or sequentially (48, 49).

Survival analysis was used to determine the relationship of
the presence or absence of A. actinomycetemcomitans at base-
line to the finding of initiation or progression of disease at
subsequent recall visits. In addition, survival analysis was used
to determine whether or not the initial site of A. actinomyce-
temcomitans recovery or the initial A. actinomycetemcomitans
serotype found was related to movement from health at base-
line to two 5-mm pockets or to the potential disease or disease
categories at recall. Throughout Fig. 2, we defined survival as
those students who remained healthy during the recall exam-

FIG. 2. Survival plots of healthy A. actinomycetemcomitans-positive (test group, n � 38) compared to healthy A. actinomycetemcomitans-
negative (control group, n � 58) students at initial screening visit and how their periodontal status progressed over the recall period. The x axis
shows the time in days after the screening visit, and the y axis shows the proportion of students who remained healthy and had no disease over
the recall period. (A) Students who survived and thus did not have two 5-mm pockets at recall. The A. actinomycetemcomitans-negative group
(control group) is seen in the top curve, while the A. actinomycetemcomitans-negative group (test group) is seen in the lower curve. Of those
students who never developed two 5-mm pockets over the recall period, 65% had no A. actinomycetemcomitans, while only 10% of those who had
A. actinomycetemcomitans failed to develop two pockets. Therefore, 90% of those who had A. actinomycetemcomitans did develop two pockets (P �
0.0001). (B) Students who survived and thus did not have three 5-mm pockets at recall. The control group is seen in the top curve, and the test
group is seen in the lower curve. The number of students in the A. actinomycetemcomitans-negative group who developed three 5-mm pockets was
only 10%, while over 80% of those in the A. actinomycetemcomitans-positive group developed three pockets (P � 0.0001). (C) Students who
survived and thus did not have pockets greater than 6 mm with attachment loss 2 mm or greater at recall. The control group is seen in the top
curve, and the test group is seen in the lower curve. Of those who never developed one 6-mm pocket, over 85% had no A. actinomycetemcomitans.
Of those who did develop one or more 6-mm pockets with attachment loss, over 85% had A. actinomycetemcomitans (P � 0.0001). (D) Students
who survived and thus did not have bone loss at recall. The control group as seen in the top curve cannot be discerned because there was no bone
loss throughout the recall period. The test group is seen in the lower curve. Only those students in the test group had bone loss (P � 0.01).
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ination. In Fig. 2A, we defined failure to survive as a student
who progressed from health at baseline to two sites with pock-
ets of 5 mm or more at recall. As seen in Fig. 2A, the A.
actinomycetemcomitans-negative control group had a survival
rate of about 70% and the A. actinomycetemcomitans-positive
test group had a statistically significant lower survival rate of
about 10% (P � 0.0001). If the end point for failure to survive
is changed to three 5-mm pockets, as seen in Fig. 2B, the A.
actinomycetemcomitans-negative control group had a survival
rate of 85% and the A. actinomycetemcomitans-positive test
group had a significantly lower survival rate of 20% (P �
0.0001) and thus the separation between the two groups was
found to be greater. When the end point for failure to survive
was placed at pockets of 6 mm or greater with attachment loss
of �2 mm (Fig. 2C), survival was once again significantly lower
in the A. actinomycetemcomitans-positive group than the A.
actinomycetemcomitans-negative control group (P � 0.0001).
Potential covariates (age, race, and gender) were modeled in
the survival analysis for all three criteria (two 5-mm pockets,
three 5-mm pockets, and attachment loss). In no case were
these findings affected by these covariates.

In Fig. 2D, radiographic bone loss was used as the end point
for failure to survive. Eight students in the A. actinomycetem-
comitans group had radiographic evidence of bone loss, which
was used as the definition of disease. Moreover, none of the
initially healthy individuals in the control group developed
LAP using bone loss as the diagnostic criterion for disease [P �
0.01].

In Fig. 3, the survival rates for individuals with the most
frequently occurring serotypes of A. actinomycetemcomitans (a,
b, and c) are seen. No differences in survival rates could be
found among the three serotypes, suggesting that there is no
one A. actinomycetemcomitans serotype that is more highly
related to disease initiation than others. Furthermore, no dif-
ference in survival was seen when the sites of A. actinomyce-
temcomitans recovery (buccal versus pocket) were compared.
This finding suggests that healthy students who had A. actino-
mycetemcomitans recovered from buccal cells were just as

likely to develop disease as those from whom A. actinomyce-
temcomitans was recovered from pocket sites.

DISCUSSION

LAP (previously known as localized juvenile periodontitis) is
a disease of adolescents that can have profound cosmetic,
functional, and psychological effects (5). This disease occurs
disproportionately in children from ethnic groups that are
often economically disadvantaged and have limited access to
dental care (31, 40). Children who have LAP are known to
harbor A. actinomycetemcomitans, an organism that has been
highly associated with LAP; however concrete proof of the
relationship of A. actinomycetemcomitans to the initiation of
disease is lacking (22, 23). If the presence of A. actinomyce-
temcomitans is indicative of a greater risk for developing LAP,
then early detection of A. actinomycetemcomitans can lead to
improved diagnostic and preventive measures. Parenthetically,
it is also interesting to note that A. actinomycetemcomitans has
been shown to colonize heart tissue and has been implicated as
a factor that increases the risk for heart disease (21, 47). There-
fore, early detection of A. actinomycetemcomitans in the oral
cavity may have an impact on health extending beyond the
mouth.

The cross-sectional data presented in this paper are based
on the first 1,075 students surveyed. For comparison with pre-
viously reported epidemiologic findings, we found that 13 of
the 1,075 students fit the Loe-Brown definition of LAP at the
initial screening visit as determined by probing attachment
level measurements (32). This represented 1.2% of the popu-
lation evaluated, which is approximately twice the prevalence
of 0.54% found in the NHANES II study (32). However, when
subgroups of the NHANES data set were considered, the
prevalences of LAP in Hispanic and African-American chil-
dren were 1% and 2%, respectively (32). Thus, our findings are
consistent with the NHANES data in that we found that 0.7%
of the Hispanic children and 2.0% of the African-American
children from Newark had LAP based on clinical probing mea-
surements.

In terms of A. actinomycetemcomitans carriage, our results
are consistent with other reports that demonstrate racial and
ethnic differences regarding A. actinomycetemcomitans car-
riage (3, 12, 38, 51). Approximately 95% of the A. actinomy-
cetemcomitans strains isolated were of the a, b, or c serotype.
Hispanic children had primarily the c serotype, while there was
a more or less equal distribution of serotypes a, b, and c in
African-American children (12, 24, 33). It was also noted that
nine of the A. actinomycetemcomitans-positive students who
had been examined at different recall visits had more than one
serotype of A. actinomycetemcomitans; however, these findings
cannot be interpreted as more than a casual observation, since
a determination of serotype carriage over the course of the
study was not a primary objective and consequently no more
than two or three colonies were randomly sampled from each
plate from which A. actinomycetemcomitans was isolated at
each visit.

On another note, the controversy regarding the virulence of
the JP2 strain of A. actinomycetemcomitans remains unan-
swered (28). The literature suggests that the JP2 strain is highly
virulent and is often associated with disease (9, 20). In our

FIG. 3. Survival plot comparing students who harbored serotype a,
b, or c and how these serotypes related to two or three 5-mm pockets.
The top curve shows the plot for the A. actinomycetemcomitans-nega-
tive controls. Plots for A. actinomycetemcomitans-positive subjects car-
rying strains of serotype a, b, or c are shown in the remaining curves.
No difference in survival analysis was seen when the strains were
compared.
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study, the strain was isolated from only 7 of 147 students who
carried A. actinomycetemcomitans. Our group also analyzed
data from another study in which 33 strains were collected
from patients, 24 of which were obtained from LAP patients in
our clinic (27). Of 18 African-American patients with LAP, 7
harbored the JP2 strain while the remaining 11 LAP patients
harbored A. actinomycetemcomitans strains other than the JP2
clonal type. Therefore, of the total of 24 patients with disease,
7 harbored the JP2 strain while the majority of LAP patients
with A. actinomycetemcomitans harbored other strains. We
concluded, therefore, that phylogenetically diverse strains of A.
actinomycetemcomitans can carry pathogenic potential (27). In
the present study, of the seven students with the JP2 promoter
type, two who were initially healthy developed disease (i.e.,
radiographic evidence of bone loss). However, it is important
to note that five A. actinomycetemcomitans-positive students
who developed bone loss did not harbor the JP2 promoter type
at any time during the study. Based on our data at this point in
time, we feel that it is not possible to definitively state whether
the JP2 phenotype is more or less virulent than other A. acti-
nomycetemcomitans phenotypes.

With respect to A. actinomycetemcomitans recovery, the buccal
mucosal surface was the site most apt to harbor A. actinomyce-
temcomitans, with approximately 76% of the A. actinomycetem-
comitans-positive students having had A. actinomycetemcomitans
recovered from this site. Considering that two A. actinomycetem-
comitans adhesins, Aae and ApiA, have been shown to impart a
high degree of specificity for BECs in vitro, this finding was not
totally unexpected (17, 50). What was surprising was the fact that
we found so few instances in which A. actinomycetemcomitans
could be isolated from the tongue epithelium. This finding is not
completely consistent with previous reports (14, 35). However, in
the studies that report A. actinomycetemcomitans isolation from
the tongue, the subjects were much older and almost exclusively
Asian and/or Caucasian (13, 34).

The longitudinal cohort study report represents data ob-
tained from 96 students—38 A. actinomycetemcomitans posi-
tive and 58 A. actinomycetemcomitans negative—who were fol-
lowed for more than 1 year after their initial screening visit. We
found that 6 of 36 A. actinomycetemcomitans-positive students
who were initially healthy developed bone loss, our primary
measure of LAP, while two A. actinomycetemcomitans-positive
students in the potential disease category had bone loss. In
contrast, none of the 58 A. actinomycetemcomitans-negative
initially healthy students developed bone loss (P � 0.01). As a
secondary method of analysis, we examined disease initiation
as determined by soft tissue measurement of pockets and at-
tachment levels in previously healthy individuals. It is thought
that periodontal disease is initiated by extension of supragin-
gival plaque to the subgingival space, forcing the margin of the
junctional epithelium to migrate in an apical direction to form
a periodontal “pocket” (42). Our rationale for using pocket
depth end points as a sign of disease initiation was based on the
well-recognized concept that pocket depth can proceed to
more advanced attachment loss, which can then lead to bone
loss (19, 39). Thus, in students who were healthy at baseline,
the assumption was made that finding two or more pockets of
5 mm or greater at a subsequent examination is indicative of
the possible initiation of periodontal disease.

Survival analysis was chosen as a method for comparing

differences in the following end points: pocket depth progres-
sion, attachment loss, and bone loss in the A. actinomycetem-
comitans-positive and A. actinomycetemcomitans-negative
groups. In each of the end points analyzed, significantly greater
survival (maintenance of health) was seen in the A. actinomy-
cetemcomitans-negative group than in the A. actinomycetem-
comitans-positive group (P � 0.0001 to P � 0.01). The two
most reliable measures of periodontal disease are loss of at-
tachment level and bone. When attachment loss was used as
the basis for diagnosis of disease initiation, the A. actinomyce-
temcomitans-positive group showed a greater failure to survive
than the A. actinomycetemcomitans-negative group (P �
0.0001). Using bone loss as the criterion, we found that 21% of
students harboring A. actinomycetemcomitans developed LAP
over time. If this relationship between A. actinomycetemcomi-
tans and disease initiation can be further substantiated, it is
likely that the presence of A. actinomycetemcomitans in the
oral cavity of healthy children can be considered as a useful
predictive marker for LAP. If our hypothesis concerning the
usefulness of A. actinomycetemcomitans as a marker of risk is
correct, then the challenge is to differentiate between the 21%
of children with A. actinomycetemcomitans who will develop
bone loss compared to the 79% of the children who have
remained healthy to this point. We are currently exploring host
factors in saliva and gingival crevicular fluid among our longi-
tudinal study subjects to detect susceptibility factors that could
distinguish between A. actinomycetemcomitans-positive chil-
dren who develop LAP and those who remain periodontally
healthy.

In conclusion, we have presented cross-sectional and longi-
tudinal data from a large study of aggressive periodontal dis-
ease in children from the Newark, NJ, area. To date, we have
examined 1,075 children, 11 to 17 years of age, and entered 96
students 11 to 16 years of age in the longitudinal study. The
results indicate that (i) A. actinomycetemcomitans is associated
with bone loss; (ii) not all subjects who carry A. actinomyce-
temcomitans will develop LAP; (iii) in addition to the JP2
serotype b phenotype, there are other strains that are equally
associated with disease initiation; (iv) A. actinomycetemcomi-
tans serotype presence in African-American students appears
to be equally distributed among serotypes a, b, and c, whereas,
Hispanic students show a strong association with serotype c;
and (v) in healthy adolescents, the buccal mucosa appears to
provide the most efficient site for detection of A. actinomyce-
temcomitans. Most importantly, if A. actinomycetemcomitans
continues to be highly associated with disease development, its
detection may be used as a marker of risk for disease initiation.
Such a marker can be useful in identifying children in under-
served populations who are at risk for LAP. Use of such a
marker could then allow for the implementation of effective
preventive measures designed to address the pressing issue of
oral health disparities in this vulnerable population.
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